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BLADE TRACTCR PROFELLERS AT BLADE ANWNGLES UP TO 65°

By W. H. Gray
SUMMLRY

Tests were conducted in the prepeller—rezearch tun—
nal of the Langley Mrmdrisl Aercnautical Laboratsrry to
drtermine the cheracteristics et liw tlade angies of pro-
prllers Tar waich data at hign tlade anzles are already.
availatrle, In additien to tho lcow=%tlade—angle results
thare are included deta on two— 2nd thresa-blade propellera
ef the some Ulsde design, which have not “een putrlishnd
and whiech cuver a rangr of blade angles from 207 to €59,

A chart lists the HACA reperts in which d=ata on
rrlated teosts of the game tlade design may Tt~ {ound.

INTRODUCTION

With the sdvent ~f high altituder airplanes, sprration
of prepellers st low Ylade angles bhecomess nrcasgery feor

the teko—cff condition. Resulte of tesis at hlade rngles
epplicatle to this condition are presrntsad hereoin, Insg-—
much £s the tasts wera made st low sperds, tha affscts cof
compresedbility could net t» measured. Hefoarence 1, how-—
aver, preegents resultbts for prnp"llﬁ“ entsdying gsevaral
sectiong £t high tip sperds with lcw tlade 2ngles and alss
pregents A mrthad of correcting praopoller ch(r“ct istics

a
er i
for compreossitility effacts &t tip sperds telow C.Q
spead ~f sound, In the rosults repsrted in raferencz
3, and 4, charts arm present~d of dets on single— snd
u»l—“)t*f ing proprllers of different nunber 7 blasde
Throe charts included results for blede angles reng
from 209 to 652, The data presented hﬁrmln pxtond

results t5 Include tlade angles of 127 and 152,

CO‘H.

Becouca a part of the data for two- and threer—tlzade



proprllers has n-t previ~rusly Lren putlished, sll such
data sre incluled in this repart.

APFPARATUS AND METHODS

The tegts were mede with the tost setup used in pre-
visus dusl-roteting properller investigsti-ne in the
praprllar—research tunnel {(reference 2), A photcgraph

and e dimensisnad Arswing <f the test setup sre sh-wn in
figurers 1 and 2. A symmeiricsal wing wos mountead in the
slipstresm f~r all the tests except those of the two-hlade
propeller at blade angles ranging fraw 207 to 65%, The
cver—s1ll length ~f the gpinner was 5 inches greater faor
the 167 and 15" tlade—angle tests then for the tests at
higher tlada anrles, (See fig, 2.)

The prapeller Tl
desisgnatod 3155-6 (ris
The plan—f-rm and the
ure 3

ades were of Hamiltron—-Stendard design
~ht hand ) and 2156-6 (1~ft hand),
blade—farm eurves era given in figz—

Foar the six— sand eight-blade single— and dual-rntat-—
ing propnrilers and for the four-trlade duzl-rotating pro—
prllers, tne blades were mounted in separate huts spaced
15 inches, Far the twao—, thre-—, and four-tlade single-
rotating prapeliers, h-owever, the tlsdes were mounted in
the ranr hur for the l-w tlade sngle tests, F-or the
gsingler—rotation tests, the fr-nt blades 1led the rear bvlades
Yy 75,07 for the six—tlade preopeller and bty 52,57 far the
cight-tlade propeller,

In crdor to facilitate reading values from the chrorts,
the test p-oints have teen cwmitted frem most of the curves,
The gernersl accurescy ~f the feirings ie indicated, hnwever,
by the plotted prints for the 15% curves ~f fignure 4, The
test limitati-ns of tunnel epeerd (110 mph) and prrpoller
rateticonanl speed (B850 rpm) resulted in a tip sverd bel-w
300 feret per secnnd and no effectis of compressitility would
theref~re e exnegtind,

o
o
D

In & faw preoliminsry dual-ratatisn tests at blade
cottingss of 102 ond 157, settin- the fr-nt anil rear blades
at the same angle was found te result in nerrly equal power
atsarntisn at penk officiency fror each camprnent, The
frant and rear Llades wers c-onseguently sot at the sane
t1lade angle feor the entire series of low tlade-angle tests.,
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RESULTS

The regultes are presented In the usual nendimensional
form ~f thrust coefficimnt, pownr crefficient, =znd pr-pul-
sivas officiency,

effactive thrust

T~ pn2D4
Cp = ——5—3%
pn D

"D
P prwer avrssrled by propeller, foot—-pounds per socond
v eircspred, feet per scecond
n vreperller rotationnl epeed, revaluticne per sncond
D vropeller diamntor, feeot
p nese Arnsity ~f the zir, sluss per cubic frrt
By frent bladn anesle at 0,7B5R, degreres
Pz resr tlede 2ngle st (L,75R, dearnes
Cp p«&nr—coafficiﬂnt f-r fraont propeller
CPR vownr—corflficient for resr propeller

The effeactive thrust is the umensured thrust ~f the
nrepellier-tndy cornbination plus the drag ~f the Yody meas—
ured withrut a preopeller,

The fisureg giving the prepeller characteristics ara
listed in the following table;



Wumber{Blade angle

Fisure of at 0.75R Ratation Tegt conditi-n
Tladoes (i0g)
4 2 10 £t~ 15 Sinegle |[Rear huh, with wine
5 3 10 t~ 15 ——do—— Dn.
3 4 ¢ ty 20 ——C —— D-,
T oant 8 4 10 tn» 29 Dual dith wine
9 6 10 t» 22 S5ingle Da,
13 and 11 € 10 tn~ 20 Dusl D,
1z 8 10 t~ 20 Single Dn,
13 and 14 g 10 te¢ 20 Dueal D~,
15 to 17 b 20 t: €5 Single [Front hut, with-out

wing:
—— @ e P ey hut, without
wing

e
&0
o~
ol
[aV]
(@]
)
[av]
D
pe
o
3
h

21 tc 2& 3 2C tn €5 ——Go——1iFr-nt hub, with wing
——————————— U U P

No sttewpt has tesn made tao vressnt c¢omperiscns be-—
tween dusl snéd single ratati-n at tho 1ow blade ansles
since nr apnrecintle salin in thrust from durl ratatiosn
would e cxnected, Curves ~f mropeller char=cteristics
5t tlmde aneles o~f 297 (fram referesncez 2 and 4) have toen
includead with the 107 and 157 curves wuenever the data
wore aveilsbhle in ~rler to give a clearer picture ~f the
relstin ~f the 107 and 15° Ylade—zngle daota to the deta
far the hirher btlade angles,

It s ¢
far tha six-m1led
angle .8 ha~n
‘curva apresrod

ta noted thigt the prwer—-ccafficinnt curve
¢ingle—rateting proueller 2t 157 vlsde
ined Yy crrss-frirvrings since the trst

a in erroaor,

)
+
Y]

~htea
to

furnished¢ for the purpoge ~T Talaoting the
prroewv ) cm owith previcus work in which the
and the sazume hesic proveller wers used, In the

ligsted inpsrtent tost conditiens,

Longley Menorial Arrconsautical Lasorstory,
Wati-nal Adviscry C-mmittes for Anrrocnnutics,
Longley ¥ield, Vo



. . . . . '
_ T . T N
! 09 ¢3 0 TERC | mmmr e 0 T e e s e P b2
TEZI07 0 0% 0 POATETITG | e CP=—m TG T & b
Ty o o3 e I —— OP== e e e
JOUOTUS 1 OT-UTg | ————mmmm e 0P T Yowo ¥t £ g

\0

OO
YO RN

A

4>

g
——CP-—

pue
IOPTA
41199

N
JOIN
43 40

OO0
[ B o B B B B s |

LOY LY
o o0 0o 00

ANORNORN

~19d 0§ | 30T 0TSTIg
N

(1 olos oz Teng

0l ¢ gz 9THUIS

o)
4o
OO OO0

[SUNAC AN EEQN|

rene
I o13utg

.

il
Y Wu.r

FUIIO N,

4

fom o I P P

O O OO
o
R

[
.
[
[a¥

i

BTN T e
SnltLt

Y v
SUTE

FuTa ugTe
llllllllll O e e e e
<
e e ) e e -

et e e e (G b o e e 290

O

on guox url oo |
o B

CP~— e 2 )
G UDUe T 4| o

S — o
owy yowd wr i g
qw woe vzl L Iomsng
Z G3Te fsquu; i
jcq W pogsen] 4
que sucay vrl ¢

L \
TTATYT M R " - TN - —— e b e ot e e Z B
b Tewaen | Gg o2 Gg | OTEUIS | FUla onouiia % o
i
Ga o1 0¢ [ R e e e e LR m;d _
5 UIpTA Co o1 g OTIULG | —mmmwmm— DPmmm Qui TRaee YT O o V P zogowar
ey | 0G 0% o2 TonE |~ OP=mm e [ e e =
L 0C 0% OF OTEUTS | UM GTOULTA RS UL O UL WD J :.W
I3PTA
¢ TBUIICHK w Gy o3 GF o7durg . Jun gnouain “wpfu YLCh UT D64807% g | zog0maz
i ; ; : _
: ” |
Fmyuny v i |
! - Jop f ! gapnIs -
pouo]  Posn ﬂ N Atrp\, R ) | SeDTTL uctaisod
-iozoy SePTIC Wmuwow JO OSFUCL UCTIEL0T ¢ BUCTLLDUCD 3501 ;cmwo_ UCLTLLoLT Opeisr | 20 9TTe0uN
Poetdue epoig m JIoQTUT -
| | m
ﬁ | |
L] 13

HoEx

h*and

Lo

JC FIEVIIVAY -1

RALL



>
REFERENCES
1.

L-316

Biermann, David, and Hartman, Edwin P.:

The Effect of Compressi-
bility on Eight Full-Scale Prepellers Operating in the Take-
Off and Climbing Range.
2.

NACA Rep. No. 639, 1938.
Biermann, David, and Rartmen, Edwin P.:

Wind-Tunnel Tests of
Four- and Six-Rlade, Single- and Dual-Rotating Tractor
Fronellers. NACA Rep. Wo. 7L7, 19L2.

2.

Biermoenn, David, Partman, Edwin P., and Pepper, Edward:

Fuli-
Scale Tests of Several Propellers Equipped with Spinners,
Cuffs, Alrfoil and Round Shanks, and NACA 12-Series Sections,
NACA ACR, Oct. 1940.

L _Bierwann, David, and Gray, W. He:

Wind~Tunnel Tests of Eight-
Blade Single- and Dual-Rotating Propellers in the Tractor
Fosition. NACA ARR, Nov., 191,
5. Blermenn, David, and Gray, W. He: Wind-Tunnel Tests of Single-
and Dual-Roteting Pusher Propellers Having from Two to Eight
Bladess FACA ARR, Feb. 1942,
6o

Bisrmann, David, Gray, W. H.p end Maynard, Julian D.: Wind-
Tunnel Tests of Single- and Dual-Roteting Tractor Propellers
of large Rlade Width., NACA ARR, Sept. 1942.



Fig. 1

NACA

9TE-1

UsTa 1oT7Tedoxd Butpsejor-o18uts opeTA-X1S °dn j3e8

383}

R

T



|



2] ‘yoq1d stagewosd *d
- fBBBUNCTIYY UOT4Ces ‘U (pIoyd uo140es ‘q $sniped uoijels “uJ
~ fsniped ‘Y fJejewmlp ‘G "9-9GIg¢ PUB 9-GGI¢
% 5I81[9U0JC J0J S3AINO UWJIOJ-9PEIG PUB WIOJI-UBTg -'¢ oJINJTJ
2 ul
o/ & &g 4 9 g 4 £ -4 o 0
(oT808 -JSuUy Og/T UC SUOTSTALP 0T = A<0[Q 1) A 7 “ . T T
p ] vo" 10
_ﬁ w0 L9l / : |
x ) e % lLl\l\\..\ %Q c0
| & : .02
| g E e -
= oo el Eo
3 £
w ...n_.h 0 :
© [ 91 0"
1 L O U
e I3 N )
ey o = t
Q m_ﬁ b S Ty 0" S0
ST ] euE |
s _ | 5 b [ k2 .
I R i3 s
sl T | ] 882 8 Bk
2 i ; © 30 o ¥sa 8z L0
| | _ 3% 9 gEo .
) 5 | < £ e i /\\
| —3§ SRS e ge ; | : ) \-—1ZE° 80
% S ks - g \
< ) Bl 2] 1 i T i t
« @ | = m@l : : L9 i / . .
L P — N pa. 5% g€ f —f— : T 960
) | S : | | C |
Ig o B T o M . C “ o
© s L OEg or— o ] i 07 01
i e T ! | ; :
AV | » By AR EREEE N A
N _ 4\%%% j £ mm Véds /_me,k,o SBue oo // - ——ipp /]
i . i o 3 | . [
bwop 0027—] & — b Em = ——t N ,
44 1 , 8r g/
I | ) 7 1
ayedo.id 10 uod P28 0Ly
-
(=)
=
=

9TE~T .







NACA

Figs. 4,5
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FIGURE 4. - PROPELLER CHARACTERISTICS AT LOW FiauRE 5, = PROPELLER CHARACTERISTICS AT LOW
BLADE ANGLES. Two<BLADE PROPELLER

BLADE ANSLE, THREE~BLADE PROPELLER
IN REAR HUB, IN REAR MUB,
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NACA Figs. 6,7
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Figure 6.- Propeller characteristics Figure 7.- Propeller characteristics

at low blade angles. Four- at low blade angles.
blade single-rotating propeller in Four-blade dual-rotating propeller.
rear hub,
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NACA Figs. 9,10

(1 block = 10/40%)
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NACA Figs. 11,12

{1 block = 10/40%)
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Figure 11.- Individual power-coeffi- Figure 12.- Propeller characteristics
cient curves for six- at low blade angles,
blade dual-rotating propeller. Eight-blade single-rotating propeller.
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Figs. 13,14

(1 block = 10/40%)

7

03

08

07

06

05

.04><i;\;

f

O ~ vwih ooy ®I

03

02

o/

0_,,

0 4 2 38 4 5§ 6 7.8 9 10 i
Figure 1%,- Proneller characteristics
at low blade angles. Eight
-blade dual-rotating propeller.

0 7 2 3 4 5 6 7 8.9 71017l
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